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ilowtng ig the translation of an article -y L.&. Meinikovs, 
ae Reslova, O.f, Becsrson and ¥.M. Ghdancy, Inatitaute of 

iveloegy iment Bi. ivccovskogs, AM oSsK, Moscow, published 
in the Russian-language periodical Voprosy Virueologit i (fra- 
dleme cf Virclogy}, 1965, Bo, 4, ,p 647-432. It was subaitted 
on ih Auguet 194. Tranalat ion performed by 0/7 Charlee T. 
Osterteg, Jv.7 


A peculiarity of the fatraceliular development of viruses from the 
veriola grow, differentiating them from other viruses, is the two-pheus 
process of virion depreteinigation amd the Libe ation of viral suctetic 

“ic flow the protein membrune, The fire” phage fa carried wet in wirus 
semesitive celia ismedietely following the penetration of virus particiss 
by paans of virepexis: Thia phase iy compieted in vacucies by the libera~- 
tice of nucleecapaid fram tae oxcernal aerbranea ant apparantly 48 
gverantesd by aaryrea fram the csii wali, The aecond phase is preceded 
by the reser, iden of the vacusia and the diacharesr ef the auclaocapeid 
inte thea cyteplepe of the cell, After this a fmetoxr a ro in the cell 
which ensures the finel deproteainization of virus DRA aT. 


Up until wor the neture and origin of thia Fecctor heave reasined uve 
siea:,. Tewing inectivation of the virus by varicus agents which dawage 
pratein, for exmaple by heating, thie factor is act forme? and deprotedn- 
isecion of the wires ceases in the firet shaee, On the other hand the 
addition, to calls infected with such a virus, of liwing viruses from the 
vardoln group or the geaase wiruscre with iepaiced wucteaic acid Cereated with 
augterd gts) loade to tha rormation cf thie fectur ard the comelation of 
duproteinization of th: virtong which bed penetrated into the coll fF. 
iu commection with this, the in-cali formation of thea factwr caesiag the 
deproteinisation of the oucleocapald of vwirused tran che wardola grows Le 
@ mecessary phase in the ps tortuses Of miltiple reactivution smd recosbina- 
tion of these wirusas Tek? 


Appaventiy the factor causing the deprotelmination of tue mucleocapatd 
of virueges in tha viriola group bew on werymatic mature, Heewver, wm aatil 
resentiy (¢ hes remmined unclear whether Chis ennyar fa coded te the rirue 
or iff the views te only an dasheser of thie factor, coded dn che eeil. 


Ie the present paper an attempt te andy to enewer thie question, The 
wathede of our Luweatseatianes are oowmehat diffwrent than in recently 
pebiished papers (7, 
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Raterlaie and Morhods 


Caila, In the experaeents wr uged @ 2-day cuitura of chick flora 
>iget celie, incubeted in tast tubes in asdiwm Xo, 19% with the additiqa 
ef $2 toviae serun. 


Virwesa. The iuveatigationes were carried gut with emallpor vwarcc ing 
viruses (deremvaccina strain) aud cowpen virus (Breigetua strain}. The 
meiiipox waccine virus wae introduced inte the cell cultura ta a quantity 
ef 3-10 FFU ser one col}. 


Fer inactivetion we used the semliipex vaccine virus, obtained by seane 
ef centr! Sugetion of a euspension of infected chorio-ailantais sanbraace 

&. 3 Oy cpm fer ome hour and resuspendgd in a phoaphate Suffer with = 
7.87,4 The titer of che wirus wae 107° ID. The virue wos beeted to taet 
tubes ia a woluwe of ! wl for 24-3 howrs at 16°, frier to imfaction the 
virve was diluted by 10 times. The absence of infectivity in the virus 
was stermined by seans of o two-fold peseage ao the chorie-sllantoia 
umiiesnes of chick oubryse. 


as the reectivator we selected the cowpes virus, which wee introduced 
fete the coll culture aleo in a dega co. 3-10 FRU “or 2&-3 hours before their 
fafeetion with hasted virua. 


The infected cells were fuvestige.ed in 1, 2, 4, 6, 8, 29, 12, end 14 
hours after infection, The prasence of virvue tus determined after & 
S-felé freesiug sed thawing owt of infected cherto-#llaatois asabranse of 
2-day old chick cabryos, which wers then irveetigated after 48 howe 
following imfection for the prasence ef plaques amd by titration in the 
hemagglutination caaction, 


The cellular extracte were prepared frum the calls cf normal chicken © 
ftoroblasta and from thesa infectud with sealipox vace(ne wirus, A twee 
dey culture of chick fibrobisec celle, incubated in fingks in Kedium Bo. 
199, =e iefected with the caslipox vaccine wirue in « dose of 10 FRU par 
ome call for 2-24 hours. Then the sousdesrbded virus wes rewoved and the 
calle thoroughly weahed with physiological solution and neutralized with 
entivertolows serum. The celle were svemoved secusvicaliy, precipiteted ‘vy 
centrifugetion at 3000 rpm for 15 winstes, thes cantrifuged twice at 2200 
rpe. The precipitste vas homogenized in # Potter homogenizer and resumpoadad 
in medium Mo, 199 up to 10% comrentration, In the same mannexy we propered 
the extracts from celis, treated with actinomycin BD in a does of 06,05 Pf fml 
for 18-24 houre before their infection with virus. In the experiments ww 
used only thoes extracts which did mot allow the growth of virue during 2 ‘i 
two-fold paesaging ow the chorie-aliantois meutrane of chick ambrwsd, The 
extrects and the virus vere fatroduced at the same tien end in the oman 
queatity (U.1 ms). 
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Purowycin was introduced inte a cultura of chick fibroblase cells 
in a dose of 20480 Wiel also similtaneously with the virus 2 and 3 hours 
before infeetisn, After a on@ how coutact with the cella the wirus was 
waghad orf with gtysioregical solution and spe ‘fic serum, The culture, 
ezehed uf momedsexrbed virus, was Fluehed with autriewt medium centalsing 
putemryelo ig the gama doves, 


Reoults 


‘ne vegglty of the inveetigations, conducted with Live iatact virus 


ami wixus inoetivated by weang of heating, are presented in Tables 1 and 
i, 


imder the condi tiong of our experiments mature virua was detected in 
t hours after infection with live intact virns; of course during infection 
with hested wirws msture yitua aid set appear, The eddition ef extracts 
from cella infected wits the seeae virus in 2-75 hours after taoculatien, 
reduced che latent period by J hours end the mature virus appeared in & 
hours feilewing infaccivun. The periads for the appearence of mature virus 
were the eeme during dafeccion berh with live aad heated virus. Thie 
indicatwe that reactivation proceases took place in the latter case. It 
should be vated that the extracts alone, obtained in the first 2-2) hours 
after infection of the colle, ae @raady wentioned, did mot contein virus. 
This excludag the possibility of even individual virue particles entering 
the culture, Gn the other hand, the extracts from normal tiseuea in 
experiowats with live virwa did not raduce the periods for tha appearance 
of the peature vires, aad in teste with inactivated virus did not lead te 
ite reactivetion, Congequently, the shortening of the lacent period was 
connacted vith the greaaaes of inf. -ted cells {n the exiract, thet is the 
factor guaranteeing bw ovtbrask of virus infection, in other words, the 
factor of .g lating the sapreteinization of the virus particle. 


Completely ansiogwus resulte were obtained when the cells were pre- 
tisinariiy infected with snether virue of the vartoia group (cowpow virue), 
li contreet to the oualipox vaccine virus, «hich causes the formation of 
large white plaques, the cowpox virus forws smali red plaques, therefore 
both wirucsen ore ansily differentiated on choric-allantole senbranz. 

Mature particles appear in & hours after infection with saalipox vaceiee 


virus, thet 18, 3 bare earifeor then in the control, both with live and 
with heated wirue. 


For cleariag up ue preblem concerning the origin of the Zuctor ender 
atudsy togrta were eet up wilh secionmycin 9, tak’ag inte considmration that 
thie antibiotic reacts specifically wits the dovble thread structures of 
WKA, preaventing the forwatios of cellular tnformstion BMA, saceseary for 
te eyuthesie of protela, 
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The preliminary trvatment of <eli cultures with actinomycin D in a 
dose of 0.05 Wlal sharply inhibited the development of smlipox wac-’ne 
wirus: Ths oaiure virus wes dete-ted only after 12 hours, that {s, — 
bewrs Later than i- the taste withou? actinowycia. “ee date differ 
with tha rasuits of recently pub'‘ehed papers (97. They testify te th 
@iueat complete suppreesion of virus miltipiication at a dese of 0.1 S/al. 
Tete cen be axpla.caed by the low concentration of actinomycin in cur 
emperimente aul probably by the gradual deetrection of che istter in the 
eelis, The oxtracta of ceils, infected with virus iu the prccamce of 
actiognvein, did mot reduce the istent periad of emlipox virus develns- 
(mew, mei Shae Gad voi pitecst ite devsicpmest. Aamewquenii<, they de 
met contain the depreteimisation factor for smallpox virus. 


Therefore, the conclugic: can be made that the genetic intormation 
evacerniag this facter is contained in the cellular sad not the virus 
geness. This conclusion is e'se supported by the facet thet extracts of 
tafected calle, auded to heated virus, caused the reactivation of thia 
virwe in cella treated with actinomycia. This ie very clearly confirmed 
ie auperimente in which the celis were treated with an extrect from cella 
treated with ectison,ciea D asd infected with swallrox verciae virue, 


Vader euch an experimental sat~up the rea. ft ition of heatad virus 
did aot occur. 


Yor clarification of tha nature of the 4eprotainisation factor for 
the eucleocupsi¢ of emalipon vaccins virus, and slew cf the role of the 
ewii in thie process, we ured purceayc!n aa the inhibitor of prc etn 
myatheaste. 


¥q Sories I of the s..perimeants the dose of pur ycin we 20 W/al. 
When the celle were treated with that quantity of puromycin there ae « 
sharp increase ir the laten: period of development of she sar'ipox vaccine 
virwe; the aniure virus sppaared after 10 hours, that fe, 3 hours iat 
thee in the comtro]. If the same virus wes incucated in cel's treates 
with puremycia and en extract of infected celle adde: then the latent 
period was sherply reduced and the puromycin did oct «top the deve lopesnt 
ef wiree infection, In the experfwsnts with inactivated virue the raduc- 
tice im the leagth of the latent period was lac ay insed, [nn generai, 
the results of these tests sre similer to the results of the tests with 
ectivemyciu, though in this case protein synthesis wae inhibited. The 
durelopmont of the virus in the presence cf puromycin way be explained by 
the fact that the dose of it wee wo: great and could therefore only 
reatveia, it a0i completely block, the synthesis of viral proteins, 
Geting such wore strongiy on the synthesis of cellular proteiae, 


thes the csllw wre treated with lav,;ez doses of pirowycin (80 B/al) 
we motec the ccuplate suppression im Cae syuthesis of smallpox vaccias 
wiruc in iuvestigstions U4 pours after icfaction. 


In Table 7 we present the results of the 3 expe.* @ent. on che 
feafiuence of puromycin on the reactivation of heatea virus. 43 i: sean 
from these data, treating the cella with puresycir ‘igultanevusly or 2 
am 3 hou. g priexs te the adminfaetration of * ate? v: us and the escract 
free celia infected with live virus prever # the res tivation of this 
virus. 


These data testify that eucom,cit. not only auppreeses the synthesise 
of cellular pretein, but aleo infiuences the factor of mucleocepeld da- 
protainization, which makes it possible to axpress the eupp sition 
concerning its protein nature. 


In addition to this we carried ot supplementary investigaiicus +n 
the study of the action of purogycin on the multiplication of smallpox 
vaccine virus and the aynthesis of the factor causing > einen 
Taking into conaideration the data from the literature 42,7/ and our data 
that this factor 1a formed in early periods following infection, purogycin 

was introduced in the first hours efter infeecion and with 36 mi~ute 
interveie (Pigure 1). The resulte of these tests showed that when pure- 
wycin wae administered }) minutcs after infection, the complete suppression 
of virus synthesis wae noted when the investigation wis made 24 houre aft.” 
infection, When puromycin wa adetnpecered l-Lk hours after infection the 
virue wae detected in a titer of 10°* ID, after 2-2% nours the titer of 
the virus in the test group of celle comrived 1072 IS, and then iveresced 
up to 10°} ID, At the sase time in the control che titer of tha virus was 


10 The rasulte cf thease tests again urgo that puroeycia suppresses the 
synthesis of smallpox vaccine virus, and the compiaie superesaton of virus 
multipisication 30 ainutes after ‘ fection creates @ foundatioa for the 
proposst that the factor under o...y hes a protein nacure and ie Sormed 
during the eariv pariods of iniection. 


Y¥oe a more accucate qucntitetive characterization of the dynamics in 
the mul.iplication of the emallpox vaccine virus we set up testes with the 
titration of the wirue on choric-sllantois sesbrane based on plaques aad 
on the hemaglutisetion reaction (the reaction was used on’, with live 
intact virus). 


In figures 2 ood 3 we oresent the data from the teats with live {utact 
virus, Ae can be seen from theese drawings, the addition of extracts from 
virus infected celie to the culture not only reduces the perfods for the 
app arance of the wature virus, but also incressee {ts titer. This is 
expressed et{1l more if another virus of this group (cowpox virus) is 
added to ths cultura. Treatmeut of the culture with actinomysin D 
increnzes the latent gertod and lowers the intanaeity of multiplicetion, 
Eore the plaque asthod {« more seneitive than the method of virus titration 
én the hemeggiurination reaction. In the iatter case the partode for the 
detection of the virue are drawn back ty 2 hows (Figure 4). 
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In the tegca with the :eatet virus the add{tion of extisct ar hetexr- 
agemecus samilpox virue leade to the reactivation of thie virus. Mowever, 
ti eitere ere somewhat lowe: than in the teste with live viruz. 


Discue*{on 


&e 4a already known, for the syniheeis of emelipox vaccine it 1a 
aececsary that its DM bo liberated. Thies takee place in 2 phases, while 
the fF’ al deproteinizetion 1s accomplished dve co s special factor, “he 
gtture eae origin of which remin urclaar up to the present time, here 
fe doubtiess imtarast in the question of whether thie factor (ansrme) is 
eodad in the cell of in che virus, or is the latter an inducer of thie 
factor. 


Por clearing wp inte coct ae we wade wae oF antimerabel tedae: Set inn- 
wysin Boas aa inhibitor of information DNA, mecessary for the synthesis 
ef pretein, aed purogycin, which is a supprese.: of protein synthesis, The 
well studied phenomenon of reactivatior verved ae the criteriux for t!.s 
éepretcinization of “irel suclaocapsid and the Liberation of viral DRA, 
Stawltameously with heated virus, enalogous variants of the exper inente 
were carcied owt with live (atect virus, The reactivation of heated virus 
wee successfully reproduced net ovly with nastive cowpox virus, but alec 
with extracts obtained from cells infected with emsllpox vaccine virus. 
These ¢ata conform to the results of recently pubiished pepere in which it 
wae de~oustrated that sutracta, obtained from celi- of chick fibroblesta 
dufected with aative cowpox virus, are capable of reactivating heated wiris 
alresédy in 2 hours after infection, The aaximm reactivating activity was 
poe-sesed ., cellular extracts obtained 3-6 hours after infection, It was 
shown earl sex adi thet tha reactivetiog fector, tovestigated tweed on the 
semelcivity of DR. to UNAnse, le aanifested considerably esrifer. The 
extracts fxcom infected cella in the teats with live virus act the same es 
tha compox virus, thet is, they shorten the period of virun initiation by 
3 hows. Ail of this poiet*s te the fact that {5 the inf-cted celle there 
is a factor causing the liberation of viral nucleic acid and the mub«cquent 
eputh<eis ul mature wirus particles. Newwver, as it wae elready stated, 
it remeine vaciear if thie factor 49 coded in the cell or in the wirue, or 
4f7 4¢ is luduced in the ceil under the influence of the virus. Light ume 
shed on this probiler by duta from various oxperimeats carried out with 
aetinceycia D, which wa weed ag the suppreesor of informetion RNA; conse- 
quentiy the normal information for the eyntheszis of protein was 4! pred 
fa treated calia. 
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The fact inst extracte from celle treated with actinowycin DB ead ia- 
fected with ifve onslipox waccine virus iperiod of infection 24 houre) did 
aot cause the phenomanoe of reactimtics of heeted virus, esd did not 
. redece the perio’ of initisetion for mative virse, spewke im favor of the 
folicwinug: The facioe wader etuty, suguring the seprotataization of the 
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mucisocapeid of tha smelipox vaccine viru, is coded in the genome of the 
cell and not of the virus. This preposition ts size aupported by the 
experiments in which the preliminary treatment of the cella with actineeyeic 
D did noc preveut the reactivation of heated virus following the addition 

to the celle of the prepared factor contained in the extract of infected 
cells, 


The purpose of the experiments with purosycin wae to clear up ~he 
nature of the factor under s udy. A puroetcin dose of 20 ¥/al had a.aoet 
no influence on the sultiplication of live virus and did not inhibit the 
reactivation of heated virve followisg the addition of cxtracts from 
infected cell». However, when the cella were treated with a lerge dose of 
purcaycin (80 Y/ml) the cynthesie of emaiipox veccine virus was completely 
biocked and reactivation of heated virus wis pre.anted «van with che 
afdition of an extract of ‘nferte4 celle, 

The data obtained testifies: to the protein nature of this factor. 

Conclu. tone 

1. In the eariy stages cf cell infe-*ion with the eusilpox veccine 
virus (2-24 hours) « factor ia formed which eacures tho deprotetaization ef 
the virus oucleocapeid. 


2. Thie factor also anaurse the poesibility of the raactivetion of 
heatad virus. 


3, The ceprotetaissctton factor ies a protein neture sud 1a coded in 
the genome of tha cell-hoect. 
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Perlora for the anvaarance of mature virws in tests with Live 
intact smalipox raccine virus 
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Tabie 3 


“‘luence of Sureaaycin on the reactivation of heated virus 
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; Figure 1, Influence of puromycin of the synthesis of saslipex vaccine rirus, 
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Figure 2, Dynamics of development of Live smallpox vaccine virus, measured 

in PFUs 

1 - smallpox vaccine virus; 2 - cowpax virus and smalipox vaccine virus; : 
3 - extract of cells infected with smalipax vaccine virus and smallpox vaccine 

virus; 4 = puromycin, extract from celis infected with smallpox vaccine virus 

and semlipox vaccine virus: 5 - sctinumycin D and emalipcx vaccine virus; 

& » extract of celis treated with acti:cmycin D and infected with swealilpox 

vaccine virus, and exalipex vaccice virus. 
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Figures 3, Brencdes of develogasnt of inactivated swallpox vaccine Firke, 
genaured in PRY. Legend seme as in figure i. 


& = titer af virws based om the imm@aggintis.tion reaction. 
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Figure 4, Oymandies of de.slopuent of live smallpox vaccias virus, arate 
acceding te the busagglucimetion reaction, 


a2 Méer of virus Ga lg mm) 
Periods for the siministration of Purcayciar 2 (90 ming}; 2 (1 mr); 3 (1,8 her}; 
4 (2 ter); & (2.2 br}; 8 (3 beh: 7 Ceowtred), 
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